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5 MEDICAL DEVICE EXHIBITING IMPROVED ADHESION BETWEEN 
POLYMERIC COATING AND SUBSTRATE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

10 The present application claims priority to U.S. Provisional Patent 

Application Serial No. 60/403,479, filed on August 13, 2002, which is 
incorporated herein by reference in its entirety. 



FIELD OF THE INVENTION 

15 The present invention relates to polymer-coated medical devices 

having improved structural integrity, and related methods. 

BACKGROUND OF THE INVENTION 

Polymeric coating of medical devices serves several functions. 

20 The surfaces of implantable devices such as catheters or guide wires 
must be smooth and uniform to assure introduction of such devices 
without causing trauma to tissue encountered during placement. A 
polymeric coating may serve as a repository for delivery of an active 
agent to a subject. For many applications, polymeric coatings must be 

25 as thin as possible. 

Prior art coatings suffer from limitations that include structural 
failure due to cracking and delamination from the device surface. When 
polymeric coatings are applied from solution, evaporation of the solvent 
can cause shrinkage with consequent cracking of the coating layer. 

30 Water may find its way to the interface between the coating and the 

device surface, causing further structural damage. This adhesive failure 
is exacerbated when the coating layers are thin. During the coating 
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process water or solvent molecules may also become trapped at the 
interface between the coating layer and the substrate, and may be 
responsible for the formation cavities, micropores and channels within 
the coating layer that can lead to premature or uncontrolled release of 

5 an active agent from the device. A "skinning" effect is sometimes 

observed due to the difference in evaporation rates between the solvent 
near the coating surface and the solvent near the substrate surface. 
These regions shrink at different rates, causing imperfections in the 
contact surface between the coating and the substrate and producing 

10 stress at the coating/substrate interface, driving delamination. 

These problems result at least in part from poor adhesion of the 
coatings to the substrate surface. Thin polymeric coatings with 
improved adherence to the surface of medical devices are needed. 

15 SUMMARY OF THE INVENTION 

In one embodiment, the invention provides a medical device that 
includes a substrate surface, a polymeric undercoat layer that is 
conformably adherent to the substrate surface, and a polymeric top coat 

20 layer that is adherent to the undercoat layer. The average thickness of 
the undercoat layer is preferably less than about 1 micron. 

Prior to the application of the top coat layer, the undercoat layer is 
preferably treated to reflow the undercoat polymer to cause formation of 
a conformable interface between the undercoat layer and the substrate 

25 surface. Reflow of the undercoat polymer is preferably accomplished by 
heating the undercoat layer to at least about the melt flow temperature of 
the undercoat polymer for a time sufficient to reflow the polymer. 
Optionally, the top coat layer comprises an active agent that can be 
either elutable or non-elutable. 

30 In a preferred embodiment, the top coat layer includes an elutable 

active agent that elutes from the stent at a slower rate and for a longer 
duration than the active agent elutes from a comparable stent without 
the polymeric undercoat layer. 
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The top coat layer is an optional component of the medical 
device. Thus, in another embodiment, the polymeric top coat layer is 
omitted and the device includes a substrate surface and a single 
polymeric layer that is conformably adherent to the substrate surface. 

5 Analogous to the undercoat layer in the embodiment of the device 
containing two or more layers, the single polymeric layer in this 
embodiment of the device is preferably treated to reflow the polymer to 
cause formation of a conformable interface between the polymer layer 
and the substrate surface. 

10 The medical device can be an implantable device, such as a 

stent, or an extracorporeal device. In a particularly preferred 
embodiment, the medical device is a stent having a polymeric undercoat 
layer conformably adherent to a substrate surface of the stent and a 
polymeric top coat layer adherent to the undercoat layer. The undercoat 

15 layer preferably includes a polyurethane, and the top coat layer 
preferably comprises an active agent. 

The invention further provides a coating applied to a medical 
device that includes a polymeric undercoat layer that is conformably 
adherent to a substrate surface of the device, and a polymeric top coat 

20 layer that is adherent to the undercoat layer. Preferably, prior to 

application of the top coat layer, the undercoat layer is treated to reflow 
the undercoat polymer to cause formation of a conformable interface 
between the undercoat layer and the substrate surface. Optionally, the 
top coat layer includes an active agent. 

25 The invention further includes a method for making a medical 

device that includes applying an undercoat polymer to a substrate 
surface to form a polymeric undercoat layer, treating the polymeric 
undercoat layer to reflow the undercoat polymer, and, optionally, 
applying a top coat polymer to the undercoat layer to form a polymeric 

30 top coat layer. It should be understood that in the embodiment of the 
device containing only a single polymer layer, the single polymer layer, 
being analogous to the undercoat polymer layer, is treated to reflow the 
polymer. Treating the undercoat layer to reflow the undercoat polymer 
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preferably causes the formation of a conformable interface between the 
undercoat layer and the substrate surface. In a preferred method, the 
undercoat layer is heated to at least about the melt flow temperature of 
the undercoat polymer for a time sufficient to reflow the polymer. 
5 The invention further includes a method for delivering an active 

agent to a subject. The method involves contacting a delivery device 
with a bodily fluid, organ or tissue of a subject to deliver the active agent, 
wherein the delivery device includes a substrate surface, a polymeric 
undercoat layer conformably adherent to the substrate surface, and an 

10 optional polymeric top coat layer adherent to the undercoat layer, 

wherein the top coat layer comprises an active agent. The method can 
be performed in vivo or ex vivo, depending upon whether the delivery 
device is an extracorporeal device or an implantable device. The active 
agent can be elutable or non-elutable. An elutable active agent can 

15 elute from the device at a slower rate and for a longer duration than the 
active agent elutes from a comparable device without the polymeric 
undercoat layer. 

The above summary of the present invention is not intended to 
describe each disclosed embodiment or every implementation of the 

20 present invention. The description that follows more particularly 

exemplifies illustrative embodiments. In several places throughout the 
application, guidance is provided through lists of examples, which 
examples can be used in various combinations. In each instance, the 
recited list serves only as a representative group and should not be 

25 interpreted as an exclusive list. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows cumulative release of dexamethasone from 
PVAC/CAB blends that were coated on the surface of SS16L shim 
30 without primer treatment. The PVAC/CAB ratio was 100/0 (square), 
70/30 (diamond), and 50/50 (triangle). 

Figure 2 shows cumulative release of dexamethasone from 
PVAC/CAB blends that were coated onto the surface of SS16L shim that 
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were treated with PL75D primer that had been subjected to reflow 
treatment. The PVAC/CAB ratio was 100/0 (square), 70/30 (diamond), 
and 50/50 (triangle). 

5 DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

The medical device of the invention is characterized by a 
substrate surface overlayed with a polymeric layer. This polymeric layer 
(termed an "undercoat" layer in devices that contain more than one 
polymer layer) strongly adheres to the substrate surface can serve a 

10 number of different functions. For example, it can play a role in the 
electric isolation or thermal isolation of the device, can provide an anti- 
scratch or abrasion resistant surface and/or can serve as a vehicle for 
chemical, physical, optical, and/or biological modification of the device 
surface. Optionally, this layer can be overlayed with another polymeric 

15 layer, referred to herein as a top layer or top coat layer. When the 

device is in use, the outermost layer (e.g., the single polymer layer or the 
outermost top coat layer) is in contact with a bodily fluid, organ or tissue 
of a subject. As a result of a novel fabrication process, the polymeric 
layers adhere to each other and to the substrate surface in a way that 

20 reduces or eliminates cracking and delamination of the polymeric layers. 
The devices thus exhibit improved structural integrity and safety 
compared to prior art devices. In devices having top coat layers that 
contain elutable active agents, the novel construction also yields a 
reproducible elution profile. 

25 The invention is not limited by the nature of the medical device; 

rather, any medical device can include the polymeric undercoat layer 
and/or top coat layer as described herein. Thus, as used herein, the 
term "medical device" refers generally to any device that has surfaces 
that can, in the ordinary course of their use and operation, contact bodily 

30 tissue, organs or fluids such as blood. Examples of medical devices 
include, without limitation, stents, stent grafts, anastomotic connectors 
leads, needles, guide wires, catheters, sensors, surgical instruments, 
angioplasty balloons, wound drains, shunts, tubing, urethral inserts, 
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pellets, implants, pumps, vascular grafts, valves, pacemakers, and the 
like. A medical device can be an extracorporeal device, such as a 
device used during surgery, which includes, for example, a blood 
oxygenator, blood pump, blood sensor, or tubing used to carry blood, 

5 and the like, which contact blood which is then returned to the subject. 
A medical device can likewise be an implantable device such as a 
vascular graft, stent, electrical stimulation lead, heart valve, orthopedic 
device, catheter, shunt, sensor, replacement device for nucleus 
pulposus, cochlear or middle ear implant, intraocular lens, and the like. 

10 Implantable devices include transcutaneous devices such as drug 
injection ports and the like. 

In general, the materials used to fabricate the medical device of 
the invention are biomaterials. A "biomaterial n is a material that is 
intended for implantation in the human body and/or contact with bodily 

15 fluids, tissues, organs and the like, and that has the physical properties 
such as strength, elasticity, permeability and flexibility required to 
function for the intended purpose. For implantable devices in particular, 
the materials used are preferably biocompatible materials, i.e., materials 
that are not overly toxic to cells or tissue and do not cause undue harm 

20 to the body. 

The invention is not limited by the nature of the substrate surface 
that is in contact with the polymeric undercoat layer. For example, the 
substrate surface can be composed of ceramic, glass, metal, polymer, or 
any combination thereof. In embodiments having a metal substrate 

25 surface, the metal is typically iron, nickel, gold, cobalt, copper, chrome, 
molybdenum, titanium, tantalum, aluminum, silver, platinum, carbon, and 
alloys thereof. A preferred metal is stainless steel, a nickel titanium 
alloy, such as NITINOL, or a cobalt chrome alloy, such as NP35N. 

Preferably, the substrate surface is not activated or functionalized 

30 prior to application of the undercoat layer, although in some 

embodiments, pretreatment of the substrate surface may be desirable to 
promote adhesion. Typically, the substrate surface is cleaned with an 
appropriate solvent to remove surface contamination. The substrate 
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surface can also be cleaned with other methods, such as plasma 
treatment and thermal treatment. 

The polymeric undercoat layer (or single layer in the embodiment 
of the device that contains only one polymer layer) can adhere to the 
5 substrate surface by either covalent or non-covalent interactions. Non- 
covalent interactions include ionic interactions, hydrogen bonding, dipole 
interactions, hydrophobic interactions and van der Waals interactions, 
for example. The undercoat layer can be cross-linked or non-cross- 
linked. 

10 The polymer that is adherent to the substrate surface (generally 

referred to herein for ease of reference as the undercoat polymer, 
although it is to be understood that the undercoat layer may be the only 
polymer layer on the device) is preferably a polymer that contains polar 
groups, however polymers lacking such groups such as styrene or olefin 

15 polymers may also be used. Polar groups include hydroxy!, amine, 
carboxyl, ether, ester, sulfoxide, sulfone, urea, amide, urethane, thiol, 
carbonate, acetal, carboxylic acid, alkyl halide and combinations thereof. 
Preferred polymers include polyurethanes, polyesters, polycarbonates, 
polymethacrylates, polysulfones, polyimides, polyamides, epoxies, 

20 polyacetals, vinyl polymers, and blends or copolymers thereof. These 
polar functional groups facilitate non-covalent bonding with the substrate 
surface as well as with the optional top coat layer. The undercoat 
polymer is preferably not a hydrogel. 

A particularly preferred undercoat layer consists essentially of a 

25 polyurethane. Such a preferred undercoat layer includes a polymer 
blend that contains polymers other than polyurethane but only in 
amounts so small that they do not appreciably affect the durometer, 
durability, adhesive properties, structural integrity and elasticity of the 
undercoat layer compared to an undercoat layer that is exclusively 

30 polyurethane. A particularly preferred undercoat layer includes 

polyurethane having a Shore durometer hardness of between about 50A 
to 90D, more preferably about 55D to about 85D, most preferably about 
75D. The hardness numbers are derived from the Shore scale, with the 
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A scale being used for softer and the D scale being used for harder 
materials. 

Particularly preferred polymers for use in forming the undercoat 
layer include polyurethanes available from Thermedics, Inc., Woburn, 

5 MA, including polymers marketed under the tradenames TECOPHILIC, 
TECOPLAST, TECOTHANE, CARBOTHANE, and TECOFLEX. Other 
preferred polymers include the PELLETHANE and ISOPLAST series 
available from Dow Chemical Co., Midland Ml, especially PELLETHANE 
75D; ELASTHANE, PURSIL, CARBOSIL, B ION ATE and BIOSPAN, 

10 available from the Polymer Technology Group, Inc., Berkeley, CA; 
ESTANE, available from Noveon, Inc., Cleveland, OH; ELAST-EON, 
available from AorTech Biomaterials, Frenchs Forest, NSW, Australia; 
TEXIN, available from Bayer Corporation, Pittsburgh, PA, and other 
commercially available polymers such as those available from Huntsman 

15 Corporation, Salt Lake City, UT. 

The invention is not limited by the process used to apply the 
undercoat polymer to the substrate surface, except that polymerization 
of the undercoat polymer preferably takes place, in whole or in part, prior 
to application of the polymer to the substrate surface. Optionally, curing 

20 or completion of cross-linking takes place after application of the 

polymer. Typically, the undercoat polymer is applied to the substrate 
surface using a solution process, powder coating, melt extrusion, a 
Langmuir-Blodgett process, gas plasma deposition, chemical vapor 
deposition or physical vapor deposition. Examples of solution processes 

25 include spray coating, dip coating and spin coating. Typical solvents for 
use in a solution process include tetrahydrofu ran (THF), ethanol, 
methanol, ethylacetate,.dimethylformamide (DMF), dimethyacetamide 
(DMA), dimethylsulfoxide (DMSO), dioxane, N-methyl pyrollidone, 
chloroform, hexahe, heptane, cyclohexane, toluene, formic acid, acetic 

30 acid, and/or dichloromethane. Single coats or multiple thin coats of the 
undercoat polymer can be applied. In a preferred embodiment of the 
device which includes one or more top coat layers, the undercoat layer 
is at least partially miscible with the top coat layer. 
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The coatings or films applied to the substrate surface in 
accordance with the invention are preferably very thin. The average 
thickness of the undercoat layer is preferably less than about 2 microns, 
more preferably less than about 1 micron, even more preferably less 

5 than about 0.5 micron, and most preferably less than about 0.1 micron 
(100 nm). Spin coating can be used to form an undercoat layer having a 
thickness from about 10 nm to about 500nm, with an average thickness 
of less than about 100 nm readily attained; when a Langmuir-Blodgett 
process is used, the average thickness can be further reduced to less 

10 than about 10 nm. 

The invention is not limited by the nature of the optional polymeric 
top coat layer that is applied to the undercoat layer, or by the process 
used to apply the top coat polymer to the undercoat layer. The top coat 
polymer can be selected to render the top coat layer erodable or non- 

15 erodable (i.e., biostable), depending on the intended medical application. 
Single coats or multiple thin coats of the top coat polymer may be 
applied. Two or more different top coats may be applied. Exemplary 
polymers and application processes are as described for the undercoat 
layer, but are not intended to be limited thereby. The top coat polymer 

20 can be polymerized, in whole or in part, either before being applied to 
the device or after being applied to the device. Optionally, curtpg or 
completion of cross-linking takes place after application of the top coat 
layer to the device. 

Examples of polymers and polymer blends that can be used to 

25 form the undercoat and/or optional top coat layers are described, for 
example, in U.S. Provisional Patent Application Serial No. 60/403,352, 
filed on August 13, 2002, and in U.S. Patent Application Serial No. 

, filed on August 13, 2003. 

Optionally, the top coat layer has an active agent incorporated 

30 therein (e.g., dispersed or dissolved), preferably a therapeutic agent. If 
multiple top coat layers are used, the active agent may be incorporated 
into one or more of those layers. In other embodiments, an active agent 
may, additionally or alternatively, be incorporated into the undercoat 



9 



WO 2004/014453 



PCT/US2003/025463 



layer (or the single polymer layer, in a device having only one polymer 
layer). 

As used herein, an "active agent" is one that produces a local or 
systemic effect in a subject (e.g., an animal). Typically, it is a 
5 pharmacologically active substance. The term is used to encompass any 
substance intended for use in the diagnosis, cure, mitigation, treatment, 
or prevention of disease or in the enhancement of desirable physical or 
mental development and conditions in a subject. The term "subject" 
used herein is taken to include humans, sheep, horses, cattle, pigs, 
10 dogs, cats, rats, mice, birds, reptiles, fish, insects, arachnids, protists 
(e.g., protozoa), and prokaryotic bacteria. Preferably, the subject is a 
human or other mammal. 

Active agents can be synthetic or naturally occurring and include, 
without limitation, organic and inorganic chemical agents, polypeptides 
1 5 (which is used herein to encompass a polymer of L- or D- amino acids of 
any length including peptides, oligopeptides, proteins, enzymes, 
hormones, etc.), polynucleotides (which is used herein to encompass a 
polymer of nucleic acids of any length including oligonucleotides, single- 
and double-stranded DNA, single- and double-stranded RNA, DNA/RNA 
20 chimeras, etc.), saccharides (e.g., mono-, di-, poly-saccharides, and 
mucopolysaccharides), vitamins, viral agents, and other living material, 
radionuclides, and the like. Examples include antithrombogenic and 
anticoagulant agents such as heparin, Coumadin, coumarin, protamine, 
and hirudin; antimicrobial agents such as antibiotics; antineoplastic 
25 agents and anti-proliferative agents such as etoposide and 

podophylotoxin; antiplatelet agents including aspirin and dipyridamole; 
antimitotics (cytotoxic agents) and antimetabolites such as 
methotrexate, colchicine, azathioprine, vincristine, vinblastine, 
fluorouracil, adriamycin, and mutamycinnucleic acids; antidiabetic such 
30 as rosiglitazone maleate; and anti-inflammatory agents. Anti- 
inflammatory agents for use in the present invention include 
glucocorticoids, their salts, and derivatives thereof, such as Cortisol, 
cortisone, fludrocortisone, Prednisone, Prednisolone, 6a- 
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methylprednisolone, triamcinolone, betamethasone, dexamethasone, 
beclomethasone, aclomethasone, amcinonide, clebethasol and 
clocortolone. 

In some embodiments, the active agent is elutable from the top 

5 coat layer; in other embodiments, the active agent is affixed to or 

sequestered within the top coat layer. In a preferred embodiment, the 
active agent is present in a higher concentration in the top coat layer 
than the undercoat layer. 

When a stent or other vascular prosthesis is implanted into a 

10 subject, restenosis is often observed during the period beginning shortly 
after injury to about four to six months later; thus for embodiments of the 
invention that include stents, the generalized elution rates contemplated 
are such that the active agent, such as a drug, may start to be released 
immediately after the prosthesis is secured to the lumen wall to lessen 

15 cell proliferation. The active agent may continue to elute for days, 
weeks or months, as desired. 

The coating layers are applied to the substrate surface using a 
novel process that yields a device having improved structural integrity, 
particularly when exposed to fluids. Prior to application of a top coat 

20 layer, the undercoat layer is treated to reflow the undercoat polymer. 
The device fabrication process thus involves first applying an undercoat 
polymer to a substrate surface to form the polymeric undercoat layer, 
followed by treating the polymeric undercoat layer to reflow the 
undercoat polymer, followed, in embodiments of the device that contain 

25 two or more polymer layers, by applying a top coat polymer to the 
reformed undercoat layer to form the polymeric top coat layer. 

Treating the polymeric undercoat layer to reflow the undercoat 
polymer causes the formation of a "conformable interface" between the 
undercoat layer and the substrate surface, and also provides a better 

30 contact surface for the top coat layer when subsequently applied. The 
undercoat polymer reflows to fill cavities and imperfections in the 
substrate surface, thereby effectively increasing the contact area and 
interactions between the undercoat polymer and the substrate surface. 
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Reflow of the polymer also forces out solvent and/or water molecules 
that may have been trapped at the interface during application of the 
undercoat polymer. The interface between the undercoat layer and the 
substrate surface that results from the reflow process, which exhibits 

5 more robust adhesion properties, is referred to herein a "conformable 
interface." Analogously, after reflow treatment, the polymeric undercoat 
layer is referred to as "conformably adherent 0 to the substrate surface. 
At the interface between the undercoat layer and the substrate surface, 
the undercoat polymer matches the contours of the substrate surface to 

10 exclude water and solvent molecules and maximize interfacial contact. 

Reflow of the undercoat polymer can be accomplished in any 
convenienVpianner. For example, reflow can be achieved by using 
thermal treatment, infrared treatment, microwave treatment, RF 
treatment, mechanical treatment such as compression or shearing, or 

1 5 solvent treatment. 

Preferably, the undercoat layer is heated to reflow the undercoat 
polymer. The undercoat layer is heated to a temperature that is at least 
as high as the "melt flow temperature" of the undercoat polymer for the 
time selected to reflow the polymer. 

20 A polymer may exhibit either or both a Tg (the melt temperature 

for a glass) and a Tm (the melt temperature of a crystal). If a polymer is 
semi-crystalline, it has both a Tm and a Tg. Tm is greater than Tg. The 
melt flow temperature for a polymer Is above the Tg and/or the Tm of the 
polymer. If a polymer is amorphous and has no crystallinity, it has only a 

25 Tg. The melt flow temperature of amorphous polymers is above the Tg. 
Tg's can be determined by measuring the mechanical properties, 
thermal properties, electric properties, etc. as a function of temperature. 

It is well-established that physical properties of polymers, such as 
viscosity, vary with temperature. When the temperature is below the Tg 

30 of a polymer, the polymer is said to be in a "glassy state." In a glassy 
state the polymer is rigid, with a modulus typically within the GPa range. 
A polymer in a glassy state does not significantly "flow" within a long 
time frame (years). When the temperature is increased to above the Tg 
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of polymer, the polymer is said to be in a rubbery state. The polymer's 
modulus in a rubbery state is typically within the MPa range. A polymer 
in a rubbery state does not significantly flow within a short time frame 
(hours to days) but may flow on a longer (years) scale. If the 

5 temperature is further increased, the polymer chains (i.e., 

macromolecules) become able to move on a scale of minutes. At this 
point, the polymer is said to be in a "liquid flow state." The polymer 
molecules are now able to flow, i.e., deform permanently like a liquid, 
rather than reversibly deform as in a rubber state. In a liquid flow state, 

10 the polymer molecules begin to translocate on the order of minutes, with 
a consequent movement of their center of mass. 

For any time period selected for thermal treatment, the 
temperature at which the polymer will enter the liquid flow state and 
reflow during that time period (i.e., the "melt flow temperature") is the 

15 preferred minimum temperature that is used to reflow the polymer. It 
should be clear from the above discussion that melt flow temperature 
and time are inversely related; the lower the temperature selected for 
thermal treatment, the longer the time period during which the polymer 
must be heated in order to cause polymer reflow. 

20 It is typically convenient to reflow the polymer within a period of 

about 5 to 10 minutes (i.e., on the minute scale). To reflow a 
polyurethane such as PELLETHANE 75D during this time period, a 
temperature of about 2t5°C to about 220°C can be used. On this time 
scale, reflow of most of the polymers useful as undercoat polymers can 

25 be accomplished using a melt flow temperature above about 200°C; for 
many of them a temperature above about 180°C is sufficient. The mett 
flow temperature is also a function of molecular weight; i.e., for the same 
type of polymer and same reflow time, the higher the molecular weight, 
the higher the melt flow temperature. A skilled artisan can readily 

30 determine the melt flow temperature and reflow time for any particular 
polymer by conducting a few simple melt experiments at different 
temperatures for the desired time interval. 
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Typically 1 to 10 minutes is the time period used to reflow the 
polymer using a thermal treatment in accordance with the invention. It 
should be cautioned that excessive time at high temperatures is to be 
avoided as the polymer can begin to degrade. 

5 Surprisingly, when an elutable active agent is included in the top 

coat layer, the medical device of the invention exhibits improved release 
characteristics. In particular, the active agent elutes from the device at a 
slower rate and for a longer duration than it elutes from a comparable 
device lacking the polymeric undercoat layer. In addition, the elution 

10 profile is more reproducible. Without being bound by theory, it is 
believed that the kinetics of elution are affected by the primer coat. 
Cracking and delamination are reduced, eliminating routes for premature 
re | ease 0 f the active agent. It is believed that the agent elutes more 
uniformly from the surface of the top coat in contact with the body fluid, 

15 organ or tissue (i.e., the interface between the device and the tissue, 
organ or fluid) as intended, rather than from the undercoat/substrate 
interface due to delamination or through cracks in the coating surface. 

EXAMPLES 

20 

The present invention is illustrated by the following examples. It 
is to be understood that the particular examples, materials, amounts, 
and procedures are to be interpreted broadly in accordance with the 
scope and spirit of the invention as set forth herein. 

25 

Example I. 

Untreated poly(etherurethane) coating applied to a metal surface 

Poly(etherurethane) (PELLETHANE) 75D (Dow Chemical Co., 
30 Midland, Ml) was cast from 1 wt% tetrahydrofuran (THF) solution to a 
bare stainless steel (31 6L) shim surface. Specifically, PELLETHANE 
75D was dried overnight at 70°C under reduced pressure, then melted 
and pressed between two hot plates at 230°C for 5-10 minutes. After 
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the films were cooled in air, a tetrahydrofuran (THF) solution with 1 wt-% 
of PELLETHANE 75D was made by dissolving the films in anhydrous 
THF at about 25°C by stirring with a magnetic bar overnight. The 
solution was coated onto a bare stainless steel (31 6L) shim surface that 

5 was cleaned by rinsing with THF. The coating was dried in a moisture 
free environment by purging with N 2 gas. 

The coated shim was immersed in phosphate buffered saline 
solution (PBS, potassium phosphate monobasic (NF tested), 0.144 g/L, 
sodium chloride (USP tested), 9 g/L, and sodium phosphate dibasic 

10 (USP tested) 0.795 g/L, pH = 7.0 to 7.2 at 37°G, purchased from 

HyClone, Logan, UT) and shaken periodically by hand. After about 5 
minutes, the coating delaminated from the shim. This demonstrated that 
without primer pretreatment, the adhesion between the polymer coating 
and stainless steel was poor in PBS. 

15 

Example II. 

Thermal treatment of poly(etherurethane) coating applied to a metal 

surface 

20 The PELLETHANE-coated 316L shim made in Example I was 

thermally pretreated by heating it at 215°C to 220 °C for 5 to 10 minutes 
in air or, preferably, inert gas (i.e., N 2 ). Then the treated shim was 
cooled to room temperature and was immersed in PBS for more than 1 
month. The coating strongly adhered to the metal surface and did not 

25 delaminate during that time period. This thermally treated 

PELLETHANE 75D coating is referred to in the following examples as 
"PELLETHANE primer," and surfaces that have been coated with a 
primer (whether PELLETHANE or another primer) then thermally treated 
as in this example are referred to as "primed surfaces." Primed surfaces 

30 that have not been thermally treated (such as in Example IV) will be 
specifically indicated. 
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Example III. 

Poly(caprolactone) (PCL) coating applied to a metal surface 

PCL was coated from a 1 wt% THF solution to a bare stainless 
5 steel (31 6L) shim surface. The coating was dried in a moisture free 
environment by purging with N 2 gas. The coated shim was immersed 
in PBS solution and periodically shaken by hand. The PCL film 
delaminated from substrate within about 2 minutes. The adhesion 
between the 31 6L shim and PCL was poor. 

10 

Example IV. 

PCL coating applied to a metal surface primed but not thermally treated 

PELLETHANE (PL75D) was coated onto the surface of a 316L 
1 5 shim without thermal treatment. PCL was then coated from 1 wt% of 
THF solution onto the primed metal surface. The coating was dried in a 
moisture free environment by purging with N 2 gas. The coated shim 
was immersed in PBS solution at room temperature and periodically 
shaken by hand. The PCL film delaminated from substrate within about 
20 2 minutes. The non-thermally treated PL75D layer did not promote the 
adhesion between PCL and the 31 6L shim. 

Example V. 

PCL coating applied to a primed metal surface (PELLETHANE) 

25 

PELLETHANE (PL75D) was coated onto the surface of a 31 6L 
shim and thermally treated as in Example II (e.g., 215 - 220 °C for 5 to 
1 0 minutes). PCL was then coated from 1 wt% of THF solution onto the 
primed metal surface. The coating was dried in a moisture free 
30 environment by purging with N 2 gas. The coated shim was immersed 
in PBS solution and periodically shaken by hand for about 5 minutes. 
The PCL film did not delaminate from substrate. Then the sample was 
left in PBS at room temperature for 12 days. No delamination was 
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observed. The thermally treated primer thus promoted the adhesion 
between PCL and the 31 6L shim. 

Example VI. 

5 Drug-loaded polyvinyl acetate) (PVAC)/ cellulose acetate butyrate 
(CAB) blend applied to a primed metal surface (PELLETHANE primer) 

Various PVAC/CAB blends loaded with about 10 wt% of 
dexamethasone were coated onto PELLETHANE primer treated 
10 (Example II) and nontreated 31 6L shims and the samples were dried. 
The coatings having a CAB fraction more than 30 wt% delaminated from 
the nontreated shims within the first two hours of immersion in PBS at 37 
°C. However, no delamination was observed from the treated surfaces 
even after 1 month of immersion in PBS at the same temperature. 

15 

Example VII. 

PVAC/CAB blends applied to primed stent surface (PELLETHANE 

primer) 

20 A PVAC/CAB (50/50) blend was coated onto PELLETHANE 

primer treated (as in Example II) and nontreated 31 6L stents (S7, 
Medtronic AVE, Santa Rosa, CA), and the samples were dried. A 
scratch test showed that the coating in the primer treated cases adhered 
to the treated stents much more strongly than the un-treated stents. The 

25 average thickness of the primers on the stents was about 0.4 to 1 .0 
microns. 
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Example VIII. 

Drug (Dexamethasone)-loaded polycarbonate urethane)/polycarbonate 
(PCU/PC) blends applied to a primed metal surface (PELLETHANE 

primer) 

5 

Various PCU/PC blends loaded with about 10 wt% of 
dexamethasone were coated onto PELLETHANE primer treated 
(Example II) and nontreated 31 6L shims. Most of the coatings 
delaminated from the untreated shims within the first 2 days of 
10 immersion in PBS and all of them delaminated after 6 more days. 

However, there was essentially no delamination from the treated shims 
under the same conditions after at least 4 weeks. 



Example IX. 

15 PCU/PC blends applied to a primed metal stent surface (PELLETHANE 

primer) 

PCU/PC blends (100/0, 95/5, and 50/50) were coated onto 31 6L 
stents with and without PELLETHANE primer (0.7 - 1 .2 micron thick). 
20 A scratch test showed that the coatings in the primer-treated stents 
adhered more strongly than that in the untreated stents. 

Example X. 

Drug-loaded PELLETHANE 75D (PL75D)/TECOPLAST blend applied to 
25 a primed metal stent surface (PELLETHANE primer) 

PL75D/TECOPLAST blends loaded with a low molecular weight, 
hydrophobic active agent were coated onto PELLETHANE primer 
treated stents (Example II) from a THF solution. The coatings were 
30 durable and no delamination was observed during immersion in PBS at 
37 °C for at least 14 days. 
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Example XL 

Polycarbonate (PC) coating applied to a primed metal surface 
(polycarbonate urethane) primer) 

5 An 31 6L metal shim was pretreated with polycarbonate 

urethane) primer coating using the procedure described in Example II for 
PELLETHANE 75D primer Polycarbonate was coated onto the primed 
surface, and also onto shims that were not pretreated. The coating 
adhered to the pretreated shim very well and no delamination was 

10 observed during immersion in PBS at room temperature for at least 4 
weeks. If the shims were not pretreated with a PCU primer (or other 
primer), the PC film delaminated within 5-10 minutes of immersion in 
PBS. 

15 Example XII. 

Drug-loaded TECOPHILIC/poly(vinyl acetate-co-vinyl pyrrolidone) (PVP- 
VA) coating applied to a primed metal stent surface (TECOPHILIC 

primer) 

20 A 31 6L stent was pretreated with TECOPHILIC (polyethylene 

oxide urethane) (TCPL) primer using the same procedure as that for the 
PELLETHANE primer in Example II. PVP-VA was from Sigma-Aldrich 
Chemical Company, Milwaukee, Wl. TCPL/PVP-VA loaded with 
RESTEN NG (7,000 g/mol molecular weight and water-soluble antisense 

25 oligonucleotide. AVI Biopoharma, Corvallis, Oregon) was coated onto 
the primed surface. The stents were subjected to a durability test during 
which they were mounted on a balloon catheter (Medtronic AVE, Santa 
Rosa, CA) and passed down a PBS-filled 2 mm (i.d.) J-bended catheter 
(Medtronic AVE, Santa Rosa, CA), then radially expanded in PBS. The 

30 stents were viewed using optical microscopy and, in some instances, 
scanning electron microscopy (SEM). No delamination was observed. 
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Example XIII. 

Polycarbonate coating applied to a primed metal surface (TECOPLAST 

primer) 

5 A 31 6L shim was pretreated with TECOPLAST (polyether 

urethane) (TCPT) primer using the same procedure as that for the 
PELLETHANE primer in Example II. Polycarbonate (PC) was coated 
onto the primed surface. The PC film adhered to the shim very well and 
no delamination was observed after the coating immersed in PBS for at 

10 least 1 month. 

Example XIV. 

Improved drug release properties from polyvinyl acetate) (PVAC)/ 
cellulose acetate butyrate (CAB) blend coating applied to a primed metal 
15 surface (PELLETHANE primer) 

Mixtures of PVAC and CAB with weight ratios varying from 100/0 
to 50/50, each loaded with about 10 wt% of dexamethasone. The 
solutions were cast the solutions onto the surface of bare SS1 6L shims 

20 (control) and PL75D primer treated SS1 6L shims (as in Example II). 

After the samples completely dried under nitrogen gas, dexamethasone 
dissolution tests were conducted in PBS solution (3 mL) at 37° C. 
During testing, the vials were shaken at a rate of about 10 times per 
minute. The dissolution solution for each sample was refreshed at 

25 various times. The eluted dexamethasone was measured with a UV-Vis 
spectroscopy (HP 4152A). The cumulative drug release per area of 
sample size was plotted as a function of square root of time. 
Theoretically, cumulative release per area should be a linear function of 
square root of time at the early stage of release. Then the release rate 

30 decreases exponentially, approaching zero at infinitely long time. 

For the samples on the bare shims, the release curves are plotted 
in Figure 1 . For each blend (PVAC/CAB 100/0, 70/30 and 50/50), the 
elution profile observed during the initial elution period differed from the 
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expected linear trend (shown as dashed lines in Fig. 1). It is believed 
that this deviation is attributable to delamination of the coating from the 
shim. Delamination causes the drug to release from the device 
prematurely, and therefore increases the rate of drug delivery. 

5 Release curves for sample on the primer treated shim are shown 

in Figure 2. The observed cumulative release for each different 
PVAC/CAB blend was a linear function of the square root of time at early 
stage then slowed down, as would be expected from theory. Therefore, 
the primer improved the release properties of drug from the thin polymer 

10 films. 

The complete disclosures of all patents, patent applications 
including provisional patent applications, and publications, and 
electronically available material cited herein are incorporated by 

15 reference. The foregoing detailed description and examples have been 
provided for clarity of understanding only. No unnecessary limitations 
are to be understood therefrom. The invention is not limited to the exact 
details shown and described; many variations will be apparent to one 
skilled in the art and are intended to be included within the invention 

20 defined by the claims. 
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WHAT IS CLAIMED IS: 

1 . A medical device comprising: 

a substrate surface; 
5 a polymeric undercoat layer conformably adherent to the 

substrate surface; and 

a polymeric top coat layer adherent to the undercoat layer. 

2. The medical device of claim 1 wherein, prior to application of the top 
10 coat layer, the undercoat layer is treated to reflow the undercoat polymer 

to cause formation of a conformable interface between the undercoat 
. layer and the substrate surface. 

3. The medical device of claim 1 wherein the polymeric undercoat 

15 comprises polar groups selected from the group consisting of hydroxyl, 
amine, carboxyl, ether, ester, sulfoxide, sulfone, urea, amide, urethane, 
thiol, carbonate, acetal, carboxylic acid, alkyl halide and combinations 
thereof. 

20 4. The medical device of claim 1 wherein the average thickness of the 
undercoat layer is less than about 1 micron. 

5. The medical device of claim 1 wherein the polymer undercoat layer is 
applied to the substrate surface using a technique selected from the 

25 group consisting of a solution process, powder coating, melt extrusion, 
vapor deposition, or a Langmuir-Blodgett process. 

6. The medical device of claim 5 wherein the solution process is a spray 
coat, a dip coat, or a spin coat. 

30 

7. The medical device of claim 1 wherein the polymer undercoat layer 
comprises at least one polymer selected from the group consisting of a 
polyurethane, a polyester, a polycarbonate, a polymethacrylate, a 
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polysulfone, a polyimide, a polyamide, a linear epoxy, a polyacetal, a 
vinyl polymer, and any blend or copolymer thereof. 

8. The medical device of claim 1 wherein the polymer undercoat layer 
5 comprises a polyurethane. 

9. The medical device of claim 1 wherein the undercoat layer adheres to 
the substrate surface by way of non-covalent interactions. 

10 10. The medical device of claim 1 wherein the undercoat layer adheres 
to the substrate surface by way of covalent interactions. 

1 1 . The medical device of claim 1 wherein the undercoat layer does not 
comprise a hydrogel. 

15 

12. The medical device of claim 1 wherein the undercoat layer is not 
cross-linked. 

13. The medical device of claim 1 wherein the undercoat layer is 
20 polymerized prior to application to the substrate surface. 

14. The medical device of claim 2 wherein treating the undercoat layer 
to reflow the undercoat polymer comprises using a technique selected 
from the group consisting of thermal treatment, infrared treatment, 

25 microwave treatment, RF treatment, mechanical treatment and solvent 
treatment. 

15. The medical device of claim 2 wherein treating the undercoat layer 
to reflow the undercoat polymer comprises heating the undercoat layer 

30 to at least about the melt flow temperature of the undercoat polymer for 
a time sufficient to reflow the polymer. 
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16. The medical device of claim 1 wherein the top coat layer comprises 
an active agent. 



17. The medical device of claim 16 wherein the top coat layer 

5 comprises an elutable active agent that elutes from the device at a 

slower rate and for a longer duration than the active agent elutes from a 
comparable device without the polymeric undercoat layer. 

18. The medical device of claim 16 wherein the active agent is present 
10 in a higher concentration in the top coat layer than the undercoat layer. 

19. The medical device of claim 16 wherein the active agent is selected 
from the group consisting of an anti-thrombogenic agent, an 
anticoagulant agent, an anti-microbial agent, an antineoplastic agent, 

15 an antiproliferative agent, an antiplatelet agent, an antimetabolite, and 
an anti-inflammatory agent. 

20. The medical device of claim 1 wherein the substrate surface 
comprises a material selected from the group consisting of ceramic, 

20 glass, metal and a polymer. 

21 . The medical device of claim 20 wherein the metal is selected from 
the group consisting iron, nickel, gold, cobalt, copper, chrome, 
molybdenum, titanium, tantalum, aluminum, silver, platinum, carbon, and 

25 alloys thereof. 

22. The medical device of claim 21 wherein the alloy is stainless steel, a 
nickel titanium alloy, or a cobalt chrome alloy. 

30 23. The medical device of claim 1 wherein the substrate surface is not 
activated or functionalized prior to application of the undercoat layer. 

24. The medical device of claim 1 which is an implantable device. 
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25. The medical device of claim 1 which is an extracorporeal device. 

26. The medical device of claim 1 selected from the group consisting of 
5 a stent, stent graft, anastomatic connector, lead, needle, guide wire, 

catheter, sensor, surgical instrument, angioplasty balloon, wound drain, 
shunt, tubing, urethral insert, pellet, implant, blood oxygenator, pump, 
vascular graft, valve, pacemaker, orthopedic device, replacement device 
for nucleus pulposus, and intraocular lense. 

10 

27. The medical device of claim 1 which is a stent. 

28. A stent comprising: 

at least one substrate surface; 
15 a polymeric undercoat layer conformably adherent to the 

substrate surface, said undercoat layer comprising a polyurethane; and 
a polymeric top coat layer adherent to the undercoat layer, said 
top coat layer comprising an active agent. 

20 29. The stent of claim 28 wherein, prior to application of the top coat 
layer, the undercoat layer is treated to reflow the undercoat polymer to 
cause formation of a conformable interface between the undercoat layer 
and the substrate surface. 

25 30. The stent of claim 28 wherein the top coat layer comprises an 

elutable active agent that elutes from the stent at a slower rate and for a 
longer duration than the active agent elutes from a comparable stent 
without the polymeric undercoat layer. 

30 31 . In a delivery device having a substrate surface, a polymeric 

undercoat layer adherent to the substrate surface, and a polymeric top 
coat layer adherent to the undercoat layer, wherein the top coat layer 
comprises an active agent, the improvement comprising a conformable 
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interface between the undercoat layer and the substrate surface formed 
by treating the polymeric undercoat layer to reflow the undercoat 
polymer prior to application of the top coat layer. 

5 32. In a stent having a substrate surface, a polymeric undercoat layer 
adherent to the substrate surface, and a polymeric top coat layer 
adherent to the undercoat layer, wherein the top coat layer comprises an 
active agent, the improvement comprising a conformable interface 
between the undercoat layer and the substrate surface formed by 

10 treating the polymeric undercoat layer to reflow the undercoat polymer 
prior to application of the top coat layer, wherein the undercoat layer 
comprises polyurethane. 

33. A medical device prepared by the process of: 

15 applying an undercoat polymer to the substrate surface to form 

the polymeric undercoat layer; 

treating the polymeric undercoat layer to reflow the undercoat 
polymer; 

applying a top coat polymer to the undercoat layer to form the 
20 polymeric top coat layer. 

34. The medical device of claim 33 wherein treating the polymeric 
undercoat layer to reflow the undercoat polymer causes the formation of 
a conformable interface between the undercoat layer and the substrate 

25 surface. 

35. The medical device of claim 33 wherein treating the polymeric 
undercoat layer to reflow the undercoat polymer comprises heating the 
polymeric undercoat layer to at least about the melt flow temperature of 

30 the undercoat polymer for a time period sufficient to reflow the undercoat 
polymer. 



26 



WO 2004/014453 



PCT/US2003/025463 



36. The medical device according to claim 33 wherein the undercoat 
layer comprises polyurethane. 

37. The medical device of claim 33 wherein the top coat layer 
5 comprises an active agent. 

38. The medical device of claim 33 wherein the top coat layer 
comprises an elutable active agent that elutes from the device at a 
slower rate and for a longer duration than the active agent elutes from a 

10 comparable device without the polymeric undercoat layer. 

39. The medical device of claim 33 which is a stent. 

40. A medical device comprising: 
1 5 a substrate surface; 

a polymeric undercoat layer adherent to the substrate surface; 

and 

a polymeric top coat layer adherent to the undercoat layer, said 
top coat layer comprising an elutable active agent, wherein the active 
20 agent elutes from the stent at a slower rate and for a longer duration 
than the active agent elutes from a comparable stent without the 
polymeric undercoat layer. 

41 . The medical device of claim 40 which is a stent. 

25 

42. A medical device comprising: 

a substrate surface; 

a polymeric undercoat layer comprising a polyurethane, wherein 
the polymeric undercoat layer is adherent to the substrate surface and 
30 has an average thickness of less than about 1 micron; and 

a polymeric top coat layer adherent to the undercoat layer. 
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43. The medical device of claim 42 wherein the top coat layer 
comprises an active agent. 

44. A stent comprising: 

5 a substrate surface; 

a polyurethane undercoat layer adherent to the substrate surface, 
wherein the average thickness of the undercoat layer is less than about 
1 micron; and 

a polymeric top coat layer adherent to the undercoat layer, said 
10 top coat layer comprising an active agent. 

45. A coating applied to a medical device comprising a substrate 
surface, the coating comprising: . 

15 a polymeric undercoat layer conformably adherent to the 

substrate surface; and 

a polymeric top coat layer adherent to the undercoat layer. 

46. The coating of claim 45 wherein, prior to application of the top coat 
20 layer, the undercoat layer is treated to ref low the undercoat polymer to 

cause formation of a conformable interface between the undercoat layer 
and the substrate surface. 

47. The coating of claim 46 wherein treating the undercoat layer 
25 comprises heating the undercoat layer. 

48. The coating of claim 45 wherein the top coat layer comprises an 
active agent. 

30 49. The coating of claim 45 wherein the undercoat layer comprises a 
polyurethane. 
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50. A method for making a medical device comprising: 

applying an undercoat polymer to a substrate surface to form a 
polymeric undercoat layer; 

treating the polymeric undercoat layer to reflow the undercoat 
5 polymer, 

applying a top coat polymer to the undercoat layer to form a 
polymeric top coat layer 

51 . The method of claim 50 wherein treating the undercoat layer to 
10 reflow the undercoat polymer causes formation of a conformable 

interface between the undercoat layer and the substrate surface. 



52. The method of claim 50 wherein treating the undercoat layer to 
reflow the undercoat polymer comprises using a technique selected from 

15 the group consisting of thermal treatment, infrared treatment, microwave 
treatment, RF treatment, mechanical treatment and solvent treatment. 

53. The method of claim 50 wherein treating the undercoat layer to 
reflow the undercoat polymer comprises heating the undercoat layer to 

20 at least about the melt flow temperature of the undercoat polymer for a 
time sufficient to reflow the polymer. 

54. The method of claim 50 wherein treating the undercoat layer to 
reflow the undercoat polymer comprises heating the undercoat layer to 

25 at least about 200°C for a time period sufficient to reflow the undercoat 
polymer. 

55. The method of claim 50 wherein the undercoat polymer comprises a 
polyurethane. 

30 

56. The method of claim 50 wherein the substrate surface comprises a 
material selected from the group consisting of ceramic, glass, metal and 
a polymer. 
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57. The method of claim 50 wherein the top coat layer comprises an 
active agent. 

58. The method of claim 50 wherein the top coat layer comprises an 

5 elutable active agent that elutes from the device at a slower rate and for 
a longer duration than the active agent elutes from a comparable device 
without the polymeric undercoat layer. 

59. The method of claim 50 wherein the device is a stent. 

10 

60. A method for delivering an active agent to a subject comprising: 

providing a delivery device comprising 
a substrate surface; 

a polymeric undercoat layer conformably adherent to the 
1 5 substrate surface; and 

a polymeric top coat layer adherent to the undercoat layer, 
wherein the top coat layer comprises an active agent; and 

contacting the delivery device with a bodily fluid, organ or tissue 
of a subject. 

20 

61. The method of claim 60 wherein the delivery device is an 
extracorporeal device. 

62. The method of claim 60 wherein the delivery device is an 
25 implantable device. 

63. The method of claim 60 wherein the delivery device is a stent. 

64. The method of claim 60 wherein the undercoat layer comprises a 
30 polyurethane. 

65. The method of claim 60 wherein the top coat layer comprises an 
elutable active agent that elutes from the device at a slower rate and for 
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a longer duration than the active agent elutes from a comparable device 
without the polymeric undercoat layer. 

66. A method for delivering an active agent to a subject comprising: 
5 providing a delivery device comprising 

a substrate surface; 

a polymeric undercoat layer adherent to the substrate 

surface; and 

a polymeric top coat layer adherent to the undercoat layer, 
10 wherein the top coat layer comprises an elutable active agent that elutes 
from the device at a slower rate and for a longer duration than the active 
agent elutes from a comparable device without the polymeric undercoat 
layer; and 

contacting the delivery device with a bodily fluid, organ or tissue 
15 of a subject. 

67. The method of claim 66 wherein the delivery device is an 
extracorporeal device. 

20 68. The method of claim 66 wherein the delivery device is an 
implantable device. 

69. The method of claim 66 wherein the delivery device is a stent. 



25 70. The method of claim 66 wherein the undercoat layer comprises a 
polyurethane. 

71. A medical device comprising: 
a substrate surface; and 
30 a polymer layer conformably adherent to the substrate surface. 



72. A medical device prepared by the process of: 

applying a polymer layer to a substrate surface; and 
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treating the polymer layer to ref low the polymer; 
to form a medical device comprising a substrate surface and a 
polymer layer conformably adherent thereto. 

5 73. The medical device of claim 72 wherein treating the polymer layer to 
reflow the polymer comprises using a technique selected from the group 
consisting of thermal treatment, infrared treatment, microwave 
treatment, RF treatment, mechanical treatment and solvent treatment. 

10 74. The medical device of claim 72 wherein treating the polymer layer to 
reflow the polymer comprises heating the polymer layer to at least about 
the melt flow temperature of the polymer for a time sufficient to reflow 
the polymer. 

15 75. The medical device of claim 72 wherein the polymer layer 
comprises an active agent. 

76. A method for making a medical device comprising: 

applying an polymer to a substrate surface to form a polymeric 
20 layer; and 

treating the polymeric layer to reflow the polymer. 

77. The method of claim 76 wherein treating the polymeric layer to 
reflow the polymer causes formation of a conformable interface between 

25 the polymeric layer and the substrate surface. 

78. The method of claim 76 wherein treating the polymeric layer to 
reflow the polymer comprises using a technique selected from the group 
consisting of thermal treatment, infrared treatment, microwave 

30 treatment, RF treatment, mechanical treatment and solvent treatment. 

79. The method of claim 76 wherein treating the polymeric layer to 
reflow the polymer comprises heating the polymeric layer to at least 
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about the melt flow temperature of the polymer for a time sufficient to 
reflow the polymer 

80. A method for delivering an active agent to a subject comprising: 
5 providing a delivery device comprising 

a substrate surface; and 

a polymeric layer conformably adherent to the substrate 
surface, wherein the polymeric layer comprises an active agent; and 
contacting the delivery device with a bodily fluid, organ or tissue 
10 of a subject. 



15 
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